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Abstract 
Logistics park construction may face high risks for many uncertainty factors. Logistics park construction project risk control 
should not only take measures to avoid or reduce risks and improve the reliability of the project, but also take the most 
effective measures to control risks with a minimum total investment. Based on reliability theory, the paper constructs series-
parallel model of risk control and reliability distribution model of logistics park construction project, and studies the validity 
of method empirically. 
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1. Introduction 
 There should be high risks for construction of logistics park for its characteristics of many participating 
subjects, large scale land possessing, large funds investment, long development cycle, high technical 
requirements and long payback period and so on.  
For short time in the research and practice of logistics park in China, the research on risk control and 
prevention for logistics park construction project lags behind other countries. According to statistics, many 
logistics park construction projects lack risk management, even if some of the projects have risk management, the 
emphases of management and control only in financial control and management, or only in a specific phase of the 
project (such as planning, feasibility study, operations etc.) with qualitative or little quantitative research to risks 
and ignoring the systematic study to the overall risk of the project. 
In fact, the construction of logistics park project is a complicated system engineering. Due to the transitivity of 
risk, it might cause a huge loss to the follow-up phase and whole project once mistakes occur in certain phase 
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before in the implementation process of the project. As China s famous scientist Qian Xuesen said, we should not 
only consider the reliability of each component, but also need study the reliability of the whole system when we 
analyze a large and complex system. 
At present, many domestic scholars have tried to apply reliability theory in the risk management of 
construction projects and achieved many satisfactory results. Fan Yiqun (2000) obtained the probability of risk 
occurrence of the tunnel, pit and other underground structures, evaluated risk losses qualitatively based on the 
reliability theory, and put forward the improved analytic hierarchy process. Lu Jiayuan(2009) discussed the 
improvement methods of risk control on current information system project, established a risk control model of 
information construction project based on reliability theory, and also discussed the reliability of risk control 
model from each link of life cycle of information systems project. 
The theory and method of reliability has been applied or extended into many system safety analysis (Peng & 
Zhou, 2009; LI, 2008; Zhou & Huang, 2007; Zhou & Ni, 2008).The paper applies reliability theory in risk 
management of logistics park construction project, which helps improving the reliability of logistics park 
construction projects, avoiding or reducing huge losses to the state and enterprises caused by risk accidents. 
2. Risk Control Model of Logistics Park Construction Project Based on Reliability Theory  
2.1.  Structure of Risk Control System of Logistics Park Construction Project  
According to the capital construction procedure of logistics park project, the paper divides life cycle of the 
logistics park construction project into four phases, namely decision-making phase, preparation phase of project 
implementation, implementation phase and operational phase. 
 Decision-making phase starts from logistics park project planning to project approval. Major work in the 
phase includes function orientation, location, investment decision etc. 
 Preparation phase of project implementation starts from project approval to formal construction. Major 
work in the phase includes survey and design of engineering, funding and financing, tendering and bidding, long-
cycle equipment purchases, signing contracts, land acquisition, construction preparation etc. 
 Implementation phase starts from broke ground of principal part of the project to construction completion 
and acceptance to the owner. Major work in the phase includes construction, equipment s procurement and 
installation, project supervision and contract management, safety management, quality management etc. 
 Operational phase starts from acceptance and handover for operations to other purposes when it is no 
longer suitable for logistics land because of the constant expansion of the city. Major work in the phase includes 
logistics enterprises merchants and related services. 
It can be seen, the major mistakes in any phase of the life cycle of the logistics park construction projects 
will cause the failure of the whole project (reducing reliability), and the characteristics coincide with the 
characteristics of series system of reliability theory exactly. 
Therefore, logistics park construction project is a typical series system which is composed of decision-
making, construction preparation, construction, handover to operation four phases (subsystems), and the series 
system is also composed of parallel system by the various subsystems, shown in Figure 1. 
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Figure.1. Series-parallel model of risk control of logistics park construction project 
2.2.  Risk Control Model of Logistics Park Construction Project  
We do the following assumptions before establishing risk control model of logistics park construction 
project: 
Assumption 1: Four phases, which are composed of decision-making, construction preparation, 
construction, handover and operation, are independent each other throughout the life cycle of logistics park 
construction project. 
Assumption 2: Each phase of logistics park construction project is composed of parallel risk events which 
are independent each other too. 
By the analysis above, the reliability R1 of decision-making phase is decided by project functional 
orientation, location and investment decisions. The reliability of each basic event is R11, R12, R13 respectively. 
The reliability R2 of preparation phase of construction is decided by land acquisition and resettlement, 
survey and design, tendering and bidding, financing and preparation of construction. The reliability of each basic 
event is R21, R22, R23, R24 respectively. 
The reliability R3 of construction phase mainly is decided by construction, facilities installation and 
commission, contract management, equipment and materials supply management, security management, and 
supervision. The reliability of each basic event is R31, R32, R33, R34, R35, and R36 respectively. 
The reliability R4 of handover and operational phase is decided by acceptance and handover, merchants, 
operations and management. The reliability of each basic event is R41, R42, and R43 respectively. 
So the total reliability of risk control system is: 
4
1
4321
i
iS RRRRRR                                                                                                                           (1
) 
Where 
RS: The actual reliability of the system; 
Ri: The reliability of each subsystem (decision-making, preparation of implementation, implementation and 
operational phase), i=1,2,3,4 Ri 1. Wherein, the reliability of R1, R2, and R3, R4 is as follows: 
)1()1()1(1 1312111 RRRR            
(2) 
)1()1()1(1 2422212 RRRR                                                                                                            (3) 
)1()1()1(1 3632313 RRRR                                                                                                                (4) 
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)1()1()1(1 4342414 RRRR                                                                                                              (5) 
Due to few people consider risk factors on each link in the risk management of logistics park construction 
project, the reliability of the each phase in Figure 1 is not large, that is reliability values R1, R2, R3 and R4 of each 
subsystem is less. Total reliability R of risk control system of logistics park construction project is small, which 
can be seen from the formula 1. It indicates that there are significant potential risks in our current logistics park 
construction. 
According to equation 1 to 5, reliability R of risk control system increases with each subsystem (phase) 
reliability and sub-subsystem reliability of logistics park construction project. Therefore, the most effective 
method of risk control is controlling and managing risk to every link of the logistics park construction project life 
cycle. 
In fact, due to the restrictions by many factors, such as funding, resources, power, time and personnel 
constraints etc., it is impossible to control risk to every factors with average force. Therefore, we should manage 
risk effectively, in other words, when we improve reliability (success rate) of logistics park construction project, 
we also should make good use of a variety of resources to reduce management costs. 
For this reason, we should optimize and distribute system reliability. 
2.3. Optimal Distribution of Reliability of Risk Control System 
An important issue need to be solved is optimal distribution of system reliability in risk control systems of 
logistics park construction project. It is study the logistics park construction project as a whole to utilize limited 
resources most effectively when achieving its overall goal of maximum reliability. To achieve this purpose, a 
more effective approach is to decompose reliability value of study object from top to bottom layer by layer, and 
distribute to various subsystems, that is, if the reliability of all phases (that is the subsystems of the project) and 
the basic events of the phase of the life cycle of the logistics park construction projects meet the requirements, the 
goal reliability of entire risk control system can be achieved. 
At present, the common methods of distribution reliability are average distribution, proportional 
distribution, minimum effort and dynamic programming method etc.(Hao et al, 2011; Yang, 2007). 
The reliability distribution can be described by the following inequality (Rui & Fu ,2007; Peng & Zhou , 
2009): 
*
21 ),,,,( snis RRRRRR                                                                                                                           (6) 
 *
21 ),,,,( snis gRRRRg                                                                                                                                (7) 
Where, 
 RS*: The goal reliability of the whole system of logistics park construction project; 
 Ri: The actual reliability of various links, i n ; 
        ),,,,( 21 nis RRRRR : The reliability of the system when the reliability of various links is R1,R2 RQ 
respectively; 
        *sg : Comprehensive restrictions on the system, including the cost, power consumption and other factors; 
),,,,( 21 nis RRRRg : Actual limit of system when the reliability of various links is  R1,R2 RQ 
respectively; 
The formula 7 may have numerous solutions if without any restriction. If there are some restrictions, the 
formula 7 may have more than one solution. 
Therefore, the key of reliability allocation lies in selecting the distribution method that matches with the 
proposed system target under specific conditions to get rational optimal solution. 
Based on the relevant research literatures on reliability distribution (Cao & Cheng,1986; Liu & Liang,2004), 
the paper proposes the following reliability optimal distribution model to improve the reliability of risk control 
system of logistics park construction project, reduce the total project cost, and utilize resources most effectively. 
Firstly, distributing the reliability of risk control system of logistics park construction project to be studied to 
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each link (various phases of the logistics park construction project) with the minimum efforts method; then, 
distributing the reliability of basic event of the links whose reliability need to be adjusted by average distribution 
method to meet the expected purpose of the reliability of the whole system. 
Assume the reliability of the subsystems of the series system is R1, R2, R3 Rn respectively The 
sequence by the size of reliability value from low to high is 
nkk RRRRR 121 . 
Based on the principle of least effort method for reliability distribution, increasing the smaller reliability 
values R1,R2 RN to R0, and remaining original higher reliability value unchanged, the system reliability is 
*
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                                                                                                                                               (8) 
Order Rn+1=1, then k may be determined by the formula 9: 
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Wherein, n is a number of subsystems, k = i when i satisfies the above formula, in this case, 
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The reliability of various links can be obtained by the formula 8 to 10. The reliability of the basic events 
remains unchanged in the link whose reliability unadjusted. To other m-link whose reliability need to be 
readjusted, the reliability of basic events reallocated by the formula 11.  
kmRRR
n
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mim ,,2,111
1
0
                                                                                                       (11) 
The optimal distribution reliability of the basic events can be obtained by solving the equation 11.  
3. Case Study 
The practical application of reliability distribution model can be explained with following example. 
A well-known domestic private enterprise wishes to invested in the construction of logistics park in 
Chengdu China, and has completed the process of planning, approval, construction and operations in accordance 
with government requirements. Its process of construction approval carries out according to the standardization 
process based on relevant laws and regulations of the country. 
Assumptions the specific value of R11, R12, R13; R21, R22, R23, R24; R31, R32, R33, R34, R35, R36; R41, R42, R43 
given by experts judgment, the predictive value of various links calculated by formula 4 to 7 is: R1=0.95, 
R2=0.96, R3= 0.98, R4= 0.93. The expected reliability index is RS= 0.85 in order to reduce project risk. 
By the formula 1, the actual system reliability is  
4
1
4321
i
iS RRRRRR =0.95×0.96×0.98×0.93=0.8312<0.85 which does not meet the reliability 
requirements. We should redistribute subsystem reliability to project s decision-making phase, implementation 
preparation phase, construction phase, and operational phase. First, the ranking of reliability according to the size 
from low to high is: 
' ' ' '
1 4 2 1 3 2 4 3R R R R R R R R  
By equation 9 and 10, 
When j=1, '1R =0.93 1
0.85
( )
0.95 0.96 0.98 1
=0.9510 
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when j=2 '2R =0.95 2
1
)
198.096.0
85.0
( =0.9505 
when j=3, '3R =0.96 3
1
)
198.0
85.0
( =0.9537 
when j=4 '4R =0.98
1
4
0.85
( )
1
=0.9602 
So R0 = 0.9510, simply improve the reliability of operational phase and decision-making phase '1R , '2R  ( 
original R1, R2) to 0.9510, while the reliability R2, R3 of construction preparation phase and construction phase 
remain unchanged . By adjustment, the reliability of whole system then becomes: 
4
1
4321
i
iS RRRRRR =0.9510×0.96×0.98×0.9510=0.85086
*
SR =0.85 which has met the 
requirement of the system reliability. 
To the reliability need to be adjusted in decision-making phase, the paper redistributes the reliability of its 
risk events by average distribution method. At this time 
1 0 11 12 131 (1 ) (1 )(1 ) 0.9510R R R R R , the reliability of 
every risk events in this phase becomes R11 = R12 = R13 = 0.6341. 
Similarly, by R4=R0= )1()1()1(1 434241 RRR =0.9510, we also can get the reliability of every risk 
events in this phase R41=R22=R42=R43=0.6341. 
We finish optimal distribution to the overall reliability of risk control system of the logistics park 
construction project now, which shows that we only need to control risk events in the link with lower reliability 
and to improve their reliability, that is, to improve the reliability value R1, R2 of decision-making phase and 
operational phase, and control the risk event of two links, to improve their reliability, the reliability of the entire 
project can meet the requirements, which not only achieve the purpose of risk control, but also improve 
efficiency of risk control and reduce costs. 
4. Conclusions 
It can be seen from the example that it is more difficult to control risk and improve the reliability of the 
project with more intermediate links, which likes the bullwhip effect in the supply chain. At each phase, the risk 
is easier to control and the reliability is easier to improve if with more subdivided events. The reliability of the 
phase can greatly improve only with little improvement of each risk factor, which has the effect of shifting a 
heavy weigh by a minimum force. It tells us the importance of simplifying procedures and implementing 
meticulous management in the management of logistics park construction project. Project risk control should 
grab from basic risk factors of each phase. 
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